ventilation. [1] Since ECMO therapy might increase resource requirements and increase hospital costs and can be complicated by a high risk of physical impairments, [2] an accurate survival prediction model to candidates is crucial. Survival prediction models have been developed for bedside use by clinicians, [3] [4] [5] [6] [7] to guide the selection of appropriate candidates for treatment, provide prognosis information to the patient's family members, and to facilitate risk-adjusted comparison of individual center outcomes. [8] The utilization of ECMO in the treatment of severe ARDS in China is still in its primary stage, and the overall survival rate has been low. [9] Compared to the use of this treatment method in other countries, the indication, timing of initiation, and sequential management of ECMO in our clinical practice have been less effective. One possible explanation for this difference is that the lack of effective survival prediction model which is suitable for Chinese ECMO clinical practice.
The aim of this study was to perform an external validation of the utility of the survival prediction models ECMOnet, [3] PRESERVE (Predicting death for severe ARDS on VV-ECMO), [4] Roch, [5] Respiratory Extracorporeal Membrane Oxygenation Survival Prediction (RESP) [6] scoring system compared to two classical ICU risk-predicting scores (Acute Physiology and Chronic Health Evaluation II [APACHE II], and Sequential Organ Failure Assessment [SOFA]).
Methods

Patient selection
All consecutive ARDS adults (>18 years old) who received ECMO therapy in our institute between January 2009 and July 2015 were included. Approval was obtained from our hospital research ethics committee and all individuals provided signed consent forms prior to participation.
Inclusion and exclusion criteria
According to the Extracorporeal Life Support Organization, [10] ECMO establishment can be considered to treat hypoxic respiratory failure when the risk of mortality is 50% or higher as identified by arterial oxygen pressure/inspired oxygen fraction (PaO 2 /FiO 2 ) below 150 mmHg (1 mmHg = 0.133 kPa) on FiO 2 over 90% and/or Murray score 2-3. ECMO can be initiated when risk exceeds 80%, where PaO 2 /FiO 2 is <80 mmHg on FiO 2 more than 90% and Murray score is 3-4, or in the case of hypercapnia as indicated by partial pressure of carbon dioxide in artery (PaCO 2 ) over 80 mmHg or inability to achieve safe inflation pressures (platform pressure [Pplat] <30 cmH 2 O, 1 cmH 2 O = 0.098 kPa). Patients were excluded if they (1) had been on mechanical ventilation for more than 10 days, (2) showed contraindication to anticoagulation, (3) had severe chronic pulmonary parenchymal disease, (4) were in the terminal stage of cancer, or (5) without survive transport.
Establishment and management of extracorporeal membrane oxygenation
Veno-venous (V-V) mode was the best choice for our hemodynamically stable patients. Transfemoral venous and transjugular percutaneous catheterization were performed under local anesthesia. Veno-arterial (V-A) mode (ipsilateral femoral arterial and femoral venous cannulation) was utilized for selected ARDS patients associated with severe cardiac dysfunction (left ventricular ejection fraction [LVEF] <35%) or who had just undergone cardiopulmonary resuscitation. Systemic heparinization was administered to keep the activated clotting time between 160 s and 200 s. Blood flow was maintained between 3 and 4 L/min. Oxygen concentration and flow were adjusted to maintain arterial oxygen saturation between 90% and 95% and PaCO 2 at about 40 mmHg. The respirator parameter settings were gradually reduced to implement a "lung rest" strategy following ECMO and remained unchanged throughout the entire auxiliary process.
Other therapies
"Full coverage" anti-infection modes (e.g., linezolid + imipenem and cilastatin sodium + voriconazole + oseltamivir phosphate) were regularly administered to the patients. Body fluid samples such as sputum and blood were also subjected to pathogen detection to guide the subsequent use of antibiotics. Transpulmonary thermodilution (TPTD) monitoring was established to guide volumetric resuscitation and targeted diuretic therapy (ECMO was suspended for almost 1 min when the measurement of TPTD parameters was conducted). Blood products such as packed red blood cells, fresh frozen plasma, albumin, and platelets were added to allow for hemoglobin 120-140 g/L, prothrombin (international normalized ratio) >1.5, platelet count >75 × 10 9 /L, and an albumin concentration of >30 g/L. Depending on the improvement in hemodynamic indexes, inotropic drug dosage decreased gradually. Ulinastatin was routinely used as an anti-inflammatory. Continuous renal replacement therapy was administered to patients complicated by acute kidney injury (defined by Acute Kidney Injury Network standard). [11] 
Extracorporeal membrane oxygenation removal
For V-V ECMO, extracorporeal assistance is reduced as the pulmonary function recovers. Once the flow has fallen to be 1 L/min, the patient might be ready to slowly transition off the ECMO. The oxygen flow decreased to zero and the blood flow and anticoagulation intensity were kept unchanged as the ECMO was intended to remove. Respirator parameters were up-regulated (about PEEP 10 cmH 2 O, peak airway pressure <30 cmH 2 O, and FiO 2 < 60%) simultaneously and hemodynamic indexes and gas exchange conditions were closely monitored. The ECMO could be removed once oxygenation condition was satisfactory and lasted more than 2 h.
For V-A ECMO, in addition to the improvement of lung mechanics and ventilation, there must be a significant improvement of the left heart function as demonstrated by echocardiography (LVEF >50%) and no obvious pulmonary hypertension or pericardial effusion for ECMO withdrawal. The process of withdrawal is similar to the V-V mode.
Data collection
Data of baseline demographic characteristics, physiologic, respiratory, and other laboratory data immediately prior to initiation of ECMO therapy, the use of precedent adjunctive therapy, ICU admission mode (in-house or transfer to our center), ventilation treatment, hospital survival, and 6-month survival after ICU discharge were recorded. The PRESERVE, ECMOnet, RESP, and Roch scores were calculated using the published descriptions [ Table 1 ]. [3] [4] [5] [6] The PRESERVE score was developed to predict survival 6 months postdischarge, and the other three models were developed to predict in-hospital mortality.
Statistical analysis
SPSS Statistics 16.0 software (IBM, Chicago, IL, USA) was used for data analysis. The quantitative data, in normal distribution, were expressed as a mean ± standard deviation (SD); the comparison between two groups was determined via t-test or t' test. Abnormally distributed quantitative data were expressed with median and inter-quartile ranges and the Mann-Whitney U-tests were applied for comparison. The qualitative data were expressed by frequency and composition. The differences in constituent ratio among various groups were compared via Pearson Chi-square test or Fisher's exact test. All P values were two-sided and considered statistically significant if P < 0.05. The discriminative performances of the models were evaluated by receiver operating characteristic (ROC) curve analysis. Kaplan-Meier curves for cumulative survival after ECMO initiation were constructed and compared with the use of the log-rank test.
resUlts
Baseline demographic and clinical characteristics
A total of 24 patients suffering from severe ARDS were recommended for ECMO therapy. One patient did not survive transport, thus 23 candidates received treatment and were included in this analysis. V-V and V-A mode were applied in 18 (78%) and 4 (17%) cases, respectively, and there was one case (4%) where V-V and then V-A mode was used. The leading trigger for needing ECMO treatment was severe pneumonia (78%) followed by sepsis (17%). Sixteen (70%) of the patients were transferred by ambulance from peripheral hospitals, of which 7 (30%) received ECMO treatment at an outside hospital before being transported to our institution. Five patients (22%) with influenza A (H 1 N 1 ) were diagnosed, including two patients who were transferred to our center after undergoing cesarean procedures in another hospital. The overall rates of survival to discharge and 6-month survival postdischarge were 57% (13/23) and 52% (12/23), respectively [ Table 2 ].
Clinical data for patients with different prognoses
The differences in APACHE II scores, Murray score, proportion of hypertension and acute kidney injury, membrane oxygenator replacement, occurrence of multiple organ failures, and length of hospital stay between the groups with different intra-hospital prognoses were statistically significant (P < 0.05) [ Table 2 ]. However, no significant difference for the pre-ECMO laboratory data and ventilator settings was observed for these groups [ Table 3 ].
Discriminate performance of the novel and classic prediction models
The ROC curve analysis of these scoring systems for predicting survival to discharge (all but the PRESERVE model) is shown in Figure 1 and Table 4 . Overall, the RESP model showed the best discriminate performance for all patients, with an area under the curve (AUC) of 0.835 (95% confidence interval [CI], 0.659-1.010; P = 0.007). A statistically significant difference was observed in the distribution of patients into RESP groups with different prognoses [ Table 5 ]. The APACHE II score showed weaker but still good discriminating power, with an AUC of 0.762 (95% CI, 0.558-0.965, P = 0.035) for all patients. Next, we evaluated the discriminate performance of these five scoring systems for prediction of survival to discharge for the subgroup with severe pneumonia, as the majority of patients in this group had this diagnosis. Again, the RESP model showed an excellent discriminate performance, with an AUC of 0.858 (95% CI, 0.679-1.037; P = 0.01). The discriminate performance of the APACHE II score was improved in this subgroup, with an AUC of 0.877 (95% CI, 0.716-1.037, P = 0.007). The SOFA score showed good discrimination performance for this subgroup, with an AUC of 0.790 (95% CI, 0.571-1.009; P = 0.038). The ECMOnet and Roch scores did not show significant discriminate performances between survival and nonsurvival to discharge for analysis of the whole group or the subset that had pneumonia. We did not perform a separate analysis of the predictive models for other subgroups such as H 1 N 1 -infected cases or patients transferred from another hospital for which ECMO was initiated by our mobile ECMO team due to small sample size (five H 1 N 1 patients and seven patients who received care from the mobile unit).
The optimal cutoff values of the RESP score and APACHE II were risk class 3.5 and 35.5, respectively, when used for evaluation in the overall cohort, and both showed 70.0% sensitivity and 84.6% specificity. The same values (3.5 and 35.5) were obtained in the evaluation of the models for the predictive value of outcomes for the severe pneumonia subgroup, with 66.7%, 77.8% sensitivity and 100%, 88.9% specificity, respectively. The optimal cutoff of SOFA score for prediction of hospital survival was 8.5, with 88.9% sensitivity and 66.7% specificity for the pneumonia subgroup.
Because only one patient (discharged ahead of schedule) died within the 6-month postdischarge period, the PRESERVE model was unable to be tested. Nevertheless, a significant difference in the cumulative probabilities of survival by days after ECMO initiation was identified when groups met the optimal cutoff values of the RESP, APACHE II, and SOFA scores [ Figure 2 ].
dIscUssIon
The ECMO databases varied in terms of size, etiology diagnoses, and the types of data collected, contributing to the heterogeneity of these survival probability models. In addition, there might be some differences in modern domestic ECMO practice and how ECMO is performed in other countries, possibly rising from differences in economic development, available medical resources, or cultural and ethnic factors between different countries. Therefore, it is important to validate the recently developed survival predicting models developed using data from other countries and determine the most appropriate scoring systems for providing healthcare in China.
This study was a retrospective analysis of 23 patients at our institution evaluating the validity of the recently developed models of RESP, ECMOnet, and the Roch model. The aim was to evaluate the efficacy of these scoring systems to improve identification of those who were likely to gain benefits from ECMO. Our results indicated that the RESP model was the most valuable in the identification of severe ARDS patients who would benefit from ECMO treatment. In contrast with the results of earlier researchers, [12] by incorporating the ICU commonly used severity scoring systems APACHE II and SOFA, we determined that the two classical scoring are valuable tools for the survival prediction of ECMO treatment in severe ARDS patients. This was an important finding because models specific to ARDS patients might be assumed to be more valuable than classical risk assessment tools for decision-making when ECMO has been considered. To the best of our knowledge, there have been few reports examining the validity of these models domestically for the estimation of survival probability of severe ARDS patients with ECMO. Therefore, our results are valuable to enable further stratification of mortality risk for domestic ECMO treatment in severe ARDS.
The RESP model was developed from a large-scale study, constitutes 2355 critical ARDS patients who received ECMO therapy in multiple countries over a 13-year period. [6] This larger sample size allowed creation of a prediction model that is well-calibrated, with extensive application scope, great discriminatory power, and allowed an individual center to compare its risk-adjusted outcome against their international counterparts. Applying this prediction model retrospectively confirmed its excellent performance in discriminating survival probability for our overall cohort (concordance, [c] = 0.835, [95% CI, 0.659-1.010; P = 0.007]) and the pneumonia subgroup (c = 0.858, [95% CI, 0.679-1.037; P = 0.01]). We found much poorer discrimination of SOFA scores (c = 0.700, [95% CI, 0.482-0.918; P = 0.107]), which was also reported in an external validation of RESP score using the PRESERVE data-set. [6] Due to the small sample size of patients in each risk class after grouping by RESP score, the optimal cutoff value obtained from the analysis of ROC curve of the scoring system was used to establish the Kaplan-Meier estimates of cumulative probability of survival. As a result, the overall observed survival was much higher for the group with risk class less than 3.5 compared to the group with a risk class that was >3.5 (log-rank test, P = 0.001). In addition, our findings also suggested that with regard to classical ICU risk-predicting scores, the APACHE II score might have a broader application than SOFA score in the selection of ARDS candidates who would benefit from ECMO therapy.
We compared our baseline characteristics to those of the patients in Schmidt's et al. [6] study and found that the patients were comparable in terms of age, etiology, and composition of ECMO mode, but the incidence of immunocompromised patients, use of pre-ECMO rescue therapy (e.g., high-frequency oscillation ventilation or inhaled nitric oxide), prone positioning before ECMO, and days of mechanical ventilation prior to treatment with ECMO was lower in our cohort. The lower incidence of these conditions could result in an overestimation by up-regulating the score calculation. A shorter length of mechanical ventilation and relative looser standards of respirator settings before ECMO establishment were characterized in our study, indicating that our timing of initiating ECMO treatment was earlier than the conditions applied in the data used for the development of the RESP model. Although the specific timing of ECMO establishment among different centers remains controversial, many reports [4, 6, [13] [14] [15] have shown that extended mechanical ventilation prior to ECMO is a strong independent predictor of poor prognosis. Although refractory hypoxemia is used as a main indicator for ECMO, oxygenation status itself was not included in these models, suggesting that alterations in lung mechanics, represented by a higher plateau pressure or lower PEEP, [6] might be more important prognostic factors than the severity of hypoxemia. Therefore, there remains a question about the potential benefits of conventional rescues therapies prior to the initiation of ECMO treatment, previously concluded to not affect mortality reduction. [16] [17] [18] [19] [20] [21] Compared to the Schmidt et al.'s findings, [6] our study indicated that an earlier application of ECMO resulted in a shorter duration of ECMO treatment and showed comparable survival rate with improved health economics. We believe that this benefit is due to the establishment of a regional cooperative network model for ECMO referral treatment. In the past 5 years, a mode of regional and inter-regional organization of ECMO activity has developed with networks of hospitals and an ECMO referral center with a mobile ECMO unit. This regional ECMO and ventilator treatment center were used for the treatment of critical ARDS patients admitted to the networked hospitals. The rescue network covers a referral radius of 125 km, and satisfactory initial results have been achieved in the intensive treatment of severe ARDS patients via a well-trained mobile ECMO team, positive consultation principle, and standardized referral criteria.
A lack of validation for the predictive value of the ECMOnet and Roch scores for the overall cohort is consistent with the results of Klinzing et al. [12] This might be due to: (1) a small number of patients with H 1 N 1 -infection and receiving ECMO during inter-hospital transport in our cohort, (2) no standardized predefined indications for ECMO, (3) different numbers of patients with sepsis or influenza pneumonia, which was closely related to the prognosis. The prognostic discriminate accuracy of these two models might be affected significantly by these confounding factors given the small Figure 2 : Kaplan-Meier estimates of cumulative probabilities of survival for patients with pre-ECMO RESP, APACHE II, and SOFA score (a) RESP score classes <3.5 (n = 14), and >3.5 (n = 9) (log-rank test:  2 = 10.31, P = 0.001), and (b) APACHE II score <35.5 (n = 14), and >35.5 (n = 9) (log-rank test:  2 = 10.41, P = 0.001) in the whole population. (c) SOFA score <8.5 (n = 7), and >8.5 (n = 11) in the pneumonia subgroup (log-rank test:  2 = 6.230, P = 0.013). RESP: Respiratory Extracorporeal Membrane Oxygenation Survival Prediction; ECMO: Extracorporeal membrane oxygenation; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment. c b a number of patients in this study. This might also explain the failure of the PRESERVE model in our study. The ECMOnet and Roch scores were developed and validated for a specific ARDS population, which might preclude the widespread use of this score for patients with other diagnoses.
This study has some limitations. The retrospective design and the small number of patients limit the statistical power of the analysis. Although a gradual increase has occurred in the recent decade, the number of domestic ECMO cases is relatively small, especially for nonpostcardiotomy indications. Regarding the indication of ARDS, the transportation of severe ARDS patients to ECMO centers where they receive specialized tertiary care has not become a routine choice for care in China. For this reason, improved techniques for administering ECMO during inter-hospital transportation to an ECMO center are urgently needed. Future evaluation efforts should include a larger study with either more patients at a single-center or by integration of domestic multi-center data. Development of a scoring system with national characteristics might be warranted.
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